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TURE PROOF" SET-TOP BOX AND GATEWAY APPARATUS 
n relates to a more "future proof set-top box and gateway 



urrently several methods of receiving video and television 
i, namely satellite, terrestrial and cable. These can be divided 
iogue and digital formats. For each scheme there can also be 
lulation - demodulation techniques, compression schemes, 
)n schemes, encryption-decryption, forward error con-ection and 
ocols. 

of the modulated information can use employ different earner 
rhe C-band range is 3.70 - 4.20 GHz, the DBS band (intended 
broadcast is 11.70 - 12.40 GHz, and Ku band is in the range 
•0 GHz. The signals can also be vertically or horizontally 
How more channels. There also exists several television format 
)itai Video Broadcast (DVB), Multiplexed Analogue Circuits (D- 
) and Motion Picture Group (MPEG 2 and MPEG4). Some 
5ls employ a single transponder. This is known as Single 
Carrier. Others use Multiple Channels Per Camer (MCPC). For 
•n a slniilar scenario applies. The synibolTate for each channel 
and is usually In the range of 2000 to 45000. 

BW TV channels, users require a conditional access module 
decoding of the encrypted video signals. Again, several 
lyailable. Viaccess, Conax and Seca Mediaguard are the three 



hese services, there are many new standards being developed 
of transporting the various data to and from the services 
■ example, there are different methods of perfonning voice 
nd creating links to transfer voice information. Voice data could 
using conventional Plain OW Telephone Service (POTS), by 
or Voice Over Internet Protocol (VoIP). Each have their own 
id disadvantages. However, it is becomirig more likely that 
ire at least one of these inethods of voice transfer. 

opment of more complex silicon devices for implementing DSP 
the growth in communications technologies like cable and the 
and more services are being delivered to the home via ATM, 
This includes television distribution over the Internet using 
col TV (IPTV). Likewise, wireless technology, such as 
leRF, WIFi and HiperLAN2, has reduced the need for cabling 
ment boxes, allowing equipment to be portable in the home. 
V the distribution of sen/ices around a home. For example, 
ludib information received via the access gateway can then be 



re-transmitted to different applications within a home negating the need to 
have separate decoding boxes at each location in a house. In factrwith the 
merging of these technologies in the future it is anticipated that "set-top 
boxes" will become a combiniation of a home gateway and a set-top box. 

Apart from direct reception of transmitted television signals, other rnedia 
exists to watch video infomnation. Videotape, laser discs and Digital Versatile 
Disc (DVD). The latter supersedes the former two. However, to use these 
media a dedicated player unit is required. These are expensive and new 
standards render the equipment obsolete within a few years. Also, many of 
units employ duplicate electronics. For example, satellite decoders or set top 
boxes use MPEG 2 decoders, as do DVD players. Digital Audio Broadcast 
(DAB) also employs the audio section of the f^PEG 2 standard as do MP3 
players. This is an inefficient and expensive use of electronic circuits. Having 
a unit that has an MPEG 2 decoder which can be "multiplexed'* between the 
various sources means the peripheral units are less complex and cheaper to 
produce. Another example would be that separate units require separate 
power supplies. renx)te control units, displays, microprociBSsors and menrK)ry. 
Having these system functions In a single unit which can be configured for 
use in different system configurations would be a much more efficient 
system. This approach provides a different system partitioning and 
architecture to that of conventional systems. 

With the increase in silicon gate counts and the use of mixed signal 
technologies comes better system perforrnance and the chance to 
implement new techniques and / or algorithms which exploit the 
improvements high speed, high resolution digital technologies bring i.e. 
graphics, 3D sound and high speed telecommunication transport. However, 
for manufacturers to gain market advantages and exploit greater processing 
power data needs to be transfen*ed at every greater rates which requires new 
interfaces (such as Universal Serial Bus (USB), Firewire, xDSL and wireless 
"access such as Brueloom: Consequeniry: tnterfaces* am*" processors are 
constantly being developed every 12-18 nx>nths requiring the customers to 
update their systems to stay "in touch**. Though many of these systems are 
backward conpatible, this leads to reduced performance, with systems 
requiring more software and processing power to execute the required 
functions. Also, not all manufactures sign up to the same interface 
consortiums and differences exist in similar equipment. An example would be 
the recent introduction of digital terrestrial television and digital satellite 
television in which both set top boxes use MPEG2 video transport but the 
former is received via a conventional television aerial and the latter by a 
satellite dish. Likewise, there is now a trend to introduce nK>re sophisticated 
surround sound decoding, such as six and eight channel surround sound 
schemes provided by Dolby and the like. Thus current equipment is then 
obsolete. Of course, this is not a green or environmentally friendly approach. 
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One of the main disadvantages of these various systems is that they cannot 
be upgraded for use with new and or different standards. They do not evolve 
with changing standards. If a new service is introduced or a user wishes to 
access different satellites or change to terrestrial broadcast or cable then 
they need to purchase a whole new system. A similar problem arises for the 
network and or service provider. As new technology is introduced the netvwrk 
and sen/ice providers usually need to update their equipment. An example 
wou d be when BSB was bought out by BskyB and all the squarial dishes and 
set top boxes need to be replaced. Then when Sky Digital replaced Sky 
analogue. This is expensive for the network or service provider as thev 
subsidize the cost of the equipment. 

This also makes it difficult for consumers to keep up to date with new 
technology. New standards and delivery protocols are constantly being 
developed e.g. MPEG4 and MP3. DVB-MHP. various surround sound and 
interactive features which means equipment can quickly become obsolete 
requiring the consumer to purchase new units if a new media type is adopted 
Also the interfeces between units can change so interconnection between 
"^^"^ that the units are incompatible. With the 
introduction of new media fonnats new systems require interface upgrades 
v>Jiich requires changing more than the interfaces, usually a whole system 
elemerrt needs to be replaced and new hardware and software installed In 
tact interfacing between system elements can be one of the most complex 
problems to overcome as many new interfaces rely on software protocols to 
implement their functionality. For example Universal Serial Bus (USB) 
Firewire (1394 standard) and UJOPIA Level 2 interfaces. 

Being able to swap between the different formats without having to substitute 
whole equipment units would be a great advantage and cheaper for the 
consumer. Having a set-top box / home gateway unit which Incorporated 
pr(^rammable logic in which the hardware devices can be configured 
(software - firmware definable) to implement new circuits and upgradeable to 
anow the equipment to evolve with changing standards would provide many 
advantages over current systems, namely:- .'^ 

• Systems that evolve with changing standards - Equipment is more 
"future proof; 

• This would provide a greater Retum On Investment (ROI); 

• Simpler and less expensive peripheral equipment; 

functions (for example dffferent types of digital filters) / ^nd 
' ^t^if® ^^'''''^^ ^® °^ Plug-n-Play mezzanine cards and 

• Internet access for application and media doyvnioads; 
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• Programmable and reconfigurable these features promote 
cusK>rrasation and hence product differentiation; 

• Optional hard drive for storing / retrieving video and audio data. 
Removable merrwry for use in other equipment e.g. MP3 players; 

• Wireless connectivity (e.g. Bluetooth) alleviates the need for costly 
and cumbersome cabling; 

• Multi-channel capabilities enable simultaneous use by more than one 
user. 

Interconnection between the various equipment boxes requires many cables 
and tends to be unvweldy. It also means that a satellite decoder unit is 
dedicated to the system to v\^ich it is attached Other remote devices cannot 
access the facilities provided by the satellite decoder apparatus. By 
employing a local wireless stendai^d, such as Bluetooth, the received 
television programs could be distributed to remote television or display unite 
in a home. This would alleviate the need for nopre than one set top box. 

The reconfigurable "sfet-top box / honfe gateway ' employs processor and 
programnrable logic devices (PLDs) optionally incorporating embedded 
cores which allows the set-top box / home gateway to be recorifigured to 
implemeint various signal processing algorithms, protocols and interfaces. 
This provides a highly integrated and versatile audio-video / graphics 
processor and home gateway. This architecture and efficient system 
partitioning spells an end to built-in obsolescence. Consequently, this 
benefite the consumer as it reduces the need to purchase new equipment 
units when new standards are introduced. Fimiware for current and future 
applications can be downloaded from the Internet via an integrated nrwdem. 
This facility also allows access to Internet and future broadband services. 

According to the present invention there is provided a set-top box / home 
gateway apparatus wherein son^e or all of the electronic circuitry is based on 
recbhTTguriabTe or prognamnratrte integrated- circuit device* enaWing^ *e 
apparatus to be reconfigured by host processor means to implement new 
functions, algorithms, specifications and standards. 

With such apparatus, manufacturers will be able to provide upgradeable 
apparatus to implement different standards and specifications. Users will 
then be able to "upgrade" the set-top box / home gateviray apparatus vyflthout 
having to purchase new equipment boxes. In addition, the use of 
interchangeable card modules and or mezzanine cards, which can optionally 
incorporate programmable interfaces, enables a user will be able to easily 
add new functions and upgrades to the system by simply replacing. menvDry 
devices, mezzanine cards or individual card modules. 
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In an embodiment of the invention, certain system functions can be 
perfomied in software and or finnware. These types of functions include for 
example, digital filters, codecs, digital signal processing algorithms such as 
Fast Fourier Transforms (FFTs), Inverse Fast Fourier Transforms (IFFTs) 
noise reduction, surround sound algorithms, encryption and authentication: 
To perform these functions the software is run on microprocessors Digital 
Signal Processors (DSPs) and or Reduced Instruction Set Computers 
(RISCs). This concept allows different sub functions nsquired to form parts of 
the overall desired set-top box / home gateway to be implemented in 
software and run on a microprocessor. To allow for maximum flexibility 
several processors and associated memory and Input - Output peripheral 
devices can be provided on a single mothertjoard or card module As 
different set-top box / home gateway s require different sub-functions the 
host controller can allocate the various software sub functions to various 
processors as necessary. For exampte. depending on the capabilities of the 
processor and the required functionality, a processor could run several 
software sub functions if the processing time pemiits and they are effectively 
sequential operations or the host controller could allocate different software 
sub functions to different processors and perform the required group of tasks 
in parallel. . . 

This concept can be extend to include implementing system sub functions in 
programmable logic. The use of reconfigurable or programmable logic, such 
as Field Programmable Gate Arrays (FPiGAs). is sometime required to 
implement more complex and time consuming algorithms, which are better 
suited to hardware implementation. This gives rise to the concept of 
Software Definable Systems". However, the use of programmable logic still 
requires the host controller to download fimiware to program the 
programmable device to implement the desired sub function or sub functions 
required in the overall system configuration These programmable logic 
devices can also include programmable analogue circuitry enabling many 
different analogue functions and circuits to be implemented. 

I^®J?*^ programmable logic based systems provided the greatest 
flexibility (functional re-use and system re-configuration) in system design 
means that it is expandable and easily upgradeable. The main motherboard 
can have mezzanine card slots to allow the addition of more processors 
when a system needs to be expanded. The use of Plug'n'Play facilities means 
that the host processor can automatically detemiine the number and 
capabilities of the processors and or programmable logic devices available 
and hence allocate the desired resources accordingly. 

Such a system can download new software and or firmware functions or 
upgrade existing functions from the Internet via an Internal 3M modem or a 
cable modem 3C or extemal modem module or one of the downlink 
transmission channels from the satellite or terrestrial link 
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A specific embodiment of the invention will now be described by the way of 
example with reference to the accompanying drawings, in which: - 

Figure 1 shows a logical block diagram of the set-top box / home gateway 
ggpargtuf ^ndjx>w it is connected, both by cable and \A/ireless means to 
peripheral units:' 

Figure 2 shows a logical block diagram of the programmable and 
reconfigurable circuitry blocks used in set-top box / home gateway ; 

Figure 3 shows a high-level logical block diagram of how the main blocks of 
the set-top box/ home gateway are interconnected; 

Figure4 shows a high-level logical block diagram of the input section; 

Figure 5 shows a high-level logicalblock diagram of the data storage section; 

Figure 6 shows a logical block diagram of the signals processing stage; 

Figure 7 shows a logical blockdiagranri of the output stage of the set-top box/ 
homegateway; 

Figure 8 shows a logical block diagram of the host processor and controller 
section of the set-top box / home gateway ; . 

Figure 9 illustrates an example of an overall system in which conimunications 
between the various sub blocks is by switching means. 

Figure 10 shows an example of an end-to-end ADSL based broadband 
network architecture in which the set-top box / home gateway can transfer 
image data, togethef with audio and status information via an Internet 
connection or mobile phone connection. 

In a prefenred embodiment of tiie invention the set4op box / home gateway 
apparatus incorporates one or a plurality of programmable logic devices 
which can be configured (software - fimiware definable ) by a host processor 
to implement different functions, algorithms, specification and standards 
selected by the user. This allows the user to upgrade their equipment when 
new standards are introduced. Software and or finrrware to implement these 
new functions, algorithms, standards and specifications are downloadable 
either via the Intemet, or via a broadcast channel, or via a personal computer 
or directly from plug-in memoiy media or indirectly from optical memory 
media, such as CDs or DVDs. 



To make the best possible use of the available resources programmable 
logic means can be reconfigured in real time to allow functional multiplexinQ 
or reuse of the programmable logic. T 

These progranimable logic devices can also include programmable analogue 
circuitry enabling many different analogue functions and circuits to be 
inrplemented. The programmable circuit blocks of these programmable 
integrated circuit devices (full custom and or ASIC) can contain any 
combination of programmable digital logic, hardwired logic functions 
programmable interconnect, analogue functions, programmable analogue 
circuits, memory storage means, embedded processor core means input - 
output pins and programmable input - output circuits. The progrimmabte 
logic on a device can also be configured to implement the architectures of 
different processor so the apparatus can be configured to implement 
software targeted at those particular processors, for exairple operatinq 
systems. This includes the implementation of a Java Virtual Machine (JVM) 
which IS required to run Java code by converting the Java code to byte code 
targeted at the native processor. 

In another embodiment of the invention, the host processor means can 
detemnne the performance and functional capabilities of the available 
; processor and programmable logic resources. The host processor can then 
allocate the available resources to implement functions required to implement 
the selected specifications and standard. The host processor then configures 
the available processor(s) and programmable logic accordingly to inplement 
these specifications and standards. In an enhanced embodiment the 
apparatus can be interrogated by a remote host system to establish the 
configuration and perfonnance of the apparatus, the remote host system can 
Oien transfer reconfiguration files for a selected specification or standard 
These reconfiguration files being optimised of that particular apparatus For 
example, the implementation of algorithms and functions can be split 
between software run on a processor and hardware implemented in 
programmable logic device: This method then optimises the available 
resources to the selected function. 

In yet another preferred embodiment of the invention the set-top box / home 
gateway apparatus uses one or more programmable or reconfigurable circuit 
J^o^ ^^^^ implement signal processing functions. These logic 

mcmDH mc^ ^^^^^ °" combination of Digital Signal Processors 
(U5>K) KU. RISC cores, programmable logic PL, such as FPGA / CPLD based 
circuits, hardwired logic PH, programmable interconnection PI to allow 
different routing of signals between circuit blocks, memory PM to store 
programs, data and configuration parameters. The devices can also include 
test function circuits PT to analyse and test the configured circuits and 
analogue functions PAF, which can also be programmable. Figure 2 shows a 
logical block diagram of such an arrangement where the programmable / 
reconfigurable system PS can be either a single device or more than one 
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devlce. Though silicon technology now allows mixed signal Integration the 
programmable and reconfigurable function do not necessary have to be 
confined to a single device. They can be implemented using several devices. 
The programmable / reconfigurable system can also be implemented using 
any combination of processing cores, progranrvnable logic, hardwired logic, 
memory, analogue functions, digital input / output pins PDI and or analogue 
Input / output pins PAI. The logic blocks and devices are configured by the 
host processor based on the selected signal processing algorithm or 
algorithms required for a particular input output combination. These 
algorithms include MPEG2 processing for layers 1. 2 and 3 (MP3). MPEG4. 
decryption and de-scrambling schenies, various conditional access 
methods, different nx>dulation and demodulation schemes, noise reduction, 
teletext data processing, audio and data processing, various interfaces and 
the like. 

To cater for different system configurations and implementations a function, 
algorithm, standard or specification can also be implemented in various ways. 
The software-hardware partitioning can vary depending on the apparatus the 
function is being run on; To allow the greatest flexibility in system 
reconfiguration and programmability the apparatus can also include 
dedicated processing elements, such as microprocessors. Digital signal 
Processors (DSPs). Reduced Instmction Set Computers (RISCs) and 
microcontrollersiWhich work with the reconfigurable / programmable logic 
devices to implement the selected functions. Having programmable logic 
and processing arrays allows ttie host processor to configure the logic / 
circuit blocks and devices so certain signal processing functions can be 
efficiently allocated to the different blocks. In some cases, where processors 
and programmable logic devices operate at high frequencies, tiiese logic 
blocks can implement several different algorithms by being re-configured in 
real time to perfonn multi-tasking. The control algoritiims are stored in local 
memory at initialisation by the host processor. Examples of programmable 
"logic to TnijTemehf IFiese fun<aions Include the fl^EX- and "MAX -serle&ef 
devices from ALTERA. Configuration can also be stored locally in 
configuration EPROMs, such as the EPC1064. Having the program and re- 
configuration data stored locally is more efficient and doesn't become a 
processing burden on the host processor which vrauld have to be a powerful 
processor operating at many MIPS to cater for all the intemipts and 
reconfiguring of the logic blocks during operation. 

In addition, the use of Application Specific Integrated Circuits (ASICs) and 
System On a Chip (SOC) technology allows the integration of both 
programmable logic, standard cell logic, processing cores, such as RISC 
cores, and analogue functions. The programnrable / re-configurable circuitry 
employed in. the set-top box / home gatevkray apparatus 2 can also be based 
on this type of device technology as it can reduce device count and system 
costs. Figure 2 shows a generic programmable and reconfigurable block 
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containing among other things digital logic, analogue logic and 10. Both the 
digital and analogue logic and circuits respectively can be progranvnable. 

The set-top box / honie gateway apparatus 2 interfaces to several other 
peripheral devices. Figure 1 illustrates the concept, but is not limited to the 
devices shovwi. The set-top box / home gateway apparatus in this example 
receives video, audio and data inforniation via a cable modem connection, a 
ten-estrial channel or a satellite broadcast channel. The set-top box / home 
gateway apparatus 2 in connected via cables to a television display 1T and 
audio system 1M, siich as hi-fi system or niulti-channel audio processor 1M 
which implements digital theatre or surround sound algoritiwis. In fact, the 
audio processing can be incorporated within the apparatus 2 .The set-top box 
. / home gateway apparatus 2 can be controlled and configured by a wireless 
remote control means 1R. The wireless communications method can be 
either infrared or a local wireless schenrie, such as Bluetooth or IEEE 802.11 
or HomeRF. The wireless remote control unit 1R also contains a large colour 
display to allow viewing of web pages when the apparatus is connected to the 
Intemet for downloading web infonnation, home shopping, surfing and 
updating the set-top box / home gateway apparatus with n6w applications 
and reconfiguration data. 

The set-top box / home gateway can be configured to implement video, 
audio and data information distribution within a home. The re^note television 
/ display unit 1C communicates with the set-top box / home gateway via a 
local wireless link. This an-angement allows a user access the set-top box / 
home gateway apparatus 2 ft-om a renx)te location. This has the advantage 
that the user doesn't have to purchase several set top boxes for different 
■■ locations within a home. It also reduces the need for cumbersome and 
expensive cables: The wireless comrhunication standards employed for 
local distribution include Bluetooth, HomeRF. WiFi. IEEE 802 11a IEEE 
802.11b. HiperLAN2 and HAVi. ' 

Satellite, terrestrial and cable service providers optionally include radio and 
music channels as part of their sen^ice bundles. Included as part of the 
system is a wireless headset 1Y allowing a user to listen to audio signals 
output from the set-top box / home gateway apparatus 2. These audio 
channels, however, are not limited to just the pure audio sen/ices and can be' 
used with the audio channels associated with a video channel. 

The set-top box / home gateway apparatus 2 can optionally indude a modem 
for Internet access. Modem specifications vary, as do tiie data ti-ansfer rates. 
For example, the modem could be a V.90 or an Asymmetrical Digital 
Subscriber Line (ADSL) modem or could be based on the programmable and 
reconfigurable logic so the host processor can configure the available logic / 
circuits to implement different modem types for different applications. 
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However, having Internet access allows a user to download information of 
- various fonnats. MP3 files could be downloaded and stored locally on 
memory means in the set-top box 7 home gateway apparatus 2 or 
transmitted by vyjreless means to a MP3 Player 1P. Ukewise, a w^ 
• handset 1^^^ used in cpnjunctipn w^^ set-top hoxThiiy^ 

■for audio communications via Uie Internet. Tiie programmable and 
reconfigurable logic / circuits in the set-top box / home gateway apparatus 2 
can be used to implement the Voice Over Internet Protocol (VoIP), thus 
allowing inexpensive voice communications woridwide. 

The set-top box / home gateway apparatus 2 is made up from several sub- 
blocks. Figure 3 outlines the interconnection of the various sub-blocks, which, 
make up the set-top box / home gateway apparatus 2, Other configurations 
are possible and the one shown in figure 3 is used to help describe the 
overall functionality/These are the input stage section 21, the digital signal, 
processing stage 2S, the data storage section 2M, the User selection 
controls, display and conditional access modules 2U, the host processor and 
controller section 2H and the output stage section 20. 

A block diagram of the Input. Stage section 21 is shown in figure 4. The input 
stage sub-block or 21 contains the circuitry to interface peripheral devices to 
the set-top box/ home gateway 2. These devices include, but are not limited . 
to, a remote control unit I R, a Digital Versatile Disc player or transport IV. a 
Low Noise Buffer (LNB) 1L of a satellite dish I D , an aerial 1A for terrestrial 
broadcast and a web camera 3WC. Figure 1 shows a system example of . 
how the set-top box / home gateway 2 uses wireless communication links to 
transfer data between itself and peripheral devices. However, the connection 
between the set-top box / home gateway 2 and the peripheral devices in the 
system do not have to be by wireless means and can be by cable means. 
Though several peripheral devices are shown in figure 1, this does not 
exclude other devices. 

Input signals from a peripheral device, such as a video cassette recorder 
(VCR) or transport 1VR can be either an analogue fonnat or a digital format. 
As all signal processing is perfonned in the digital domain any analogue 
signals have to be first converted into the digital domain using analogue to 
digital converters (ADCs) SAD. The analogue to digital converters (ADCs) 
3AD will have the data resolution,, sampling rate and other characteristics to 
correctly translate the analogue signals to digital signals without introducing 
any noise or aliasing affects. Though different systems use different 
resolutions the ADCs 3AD should have a minimum resolution of 8 bits and a 
maximum resolution of 32 bits. Devices include the Burr Brown PCM 1700 or 
Crystal SemiconductorCS5394. Analogue signals are first buffered, amplified 
and filtered by the analogue interface 3AI. These signals are then passed to 
the analogue to digital converters 3AD via an analogue multiplexer 3AM. 
Several analogue input buffer circuits 3AI can be used, one for each 
analogue peripheral device. 



il source selection from the analogue input buffers 3AI to the input of the 
•gue to digital converters 3AD is controlled by the host processor 7H 
J on user inputs. The apparatus 2 could have several separate digital 
interfaces, which are applied to a multiplexer. The output of the 
)lexer being detennined by the selector input. This value is read by the 
processor, which then writes a value to the multiplex register fnot 
^to select the correct input The multiplexer register being address 

'h'iSI' • "^^9 ^ ^'9'^' 3D before being input 

r^!^ I? f ^'^i?. «=''9ltal interface 3S is via 

grtal multiplexer 3DM and is controlled by the host processor 7H based 
5er inputs. The digital interface 3S performs data formatting and 
ing for vanous digital audio protocols for both transmit and receive 

iput stage 21 can optionally include a modem 3M to be connected to the 
Jnli^ Jllf "^^'^ 3M could be an Asymmetrical Digital Subscriber 
\DSL) modem or cable modem 3C or a low speed modem (say a V 90 
ant modem) for example and can take the form of a PCMCIA or PC 
/hich can be inserted into a PC TYPE1 7 2 or 3 slot located on the 
itus 2. The software required to initiate; establish and control an 
St link is perfomied by the host processor and controller section 2H 
jnng. a module approach as in the described apparatus allows 
tes to higher perfomiance systems easily and cheaply and access to 
ledia types. The use of reconfigurable and or programmable logic / 
^allows new modem standards to be implemented using the Sime 

iceived from the various signals sources is output onto the host bus 
fler being processed by the relevant input circuitry. Commands to 
re and select the input circuitry are transferred from the host 
jor and controller section 2H via the Control / Select bus 2CS 

^'Si; JriSL^'zcT '^'^ "^"^ 

rther embodiment communication between the set-top box / home 
/ apparatus 2 and the peripheral devices is by wireless means. This 
5S the need for expensive and cumbersome connection cables 
1 the vanous signal source devices or peripherals. However the use 
3SS communications between the apparatus 2 and peripheral devices 
preclude the use of wired connections. Section 3WM is a wireless 
lule which IS used to allow digital data from a peripheral device such 
note control 1R to be received by the set-top box / home gateway 2 
inretess nks can be bi^iirectional allowing two-way communications 
. the set-top box I home gateway 2 and any of the peripheral devices 
ormation could include control data to control the peripheral device ' 
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via the seMop box / home gateway 2 using a "universar remote control unit 
1R, which would be used to select a new track for example. The wireless 
section 3WM can t>e integrated as part of the apparatus 2 or be a removable 
module, similar to a PC TYPE 1 , 2 or 3 card or mezzanine card. These self- 
contained modules would be easily Inserted and removed from the apparatus 
2 making then very user friendly. The use of Tlug'n'Play" technology means 
that at Start-up. the host processor 7H will perform a routine to search and 
establish what hardware is available in the apparatus 2 and configure the 
apparatus 2 accordingly. 

The host processor and controller section 2H performs all the 'housekeeping* 
tasks including reading values input via the input selection controlis and 
display circuitry 2U. The updated and selected values being displayed on 
display means 7D..such as an LCD display 7D. Figure 8 shows a block 
diagram of the host controller and controller section 2H together with the user 
selection controls and display nrnxlule 2U. An Infra-red renx)te control 
interface 1R allows user commands to be received, denrxxlulated. decoded 
and passed to the host processor 7H These values being transferred to the 
corresponding logic block or blocks so they can be uised by the audio 
processing algorithms. Corrvnunication between the set-top box / home 
gateway apparatus 2 and the renfxJte control means 1R can be either ah 
infi'ared protocol, such as IrDA or a v/ireless protocol such as Bluetooth. In 
the latter cases, a wireless remote interface 7W will be required. Howeyer, as 
wireless protocols such as Bluetooth and HomeRF allow multiplexing of 
several channels only one wireless section 7\/y is required for the basic 
system Due to the modular nature of the apparatus 2 additional wireless 
circuits 7W or 3WM can be added if necessary to implement more complex 
multi-channel systems. In this case more than one remote control 1R can be 
used with the set-top box / horne gateway apparatus 2. 

Pay to view channels are encrypted or scrambled using various encryption 
algorithms! iSome iafso riequTrie iari aojlienttcation procedtire. To de-scramble 
the received infomration and view the desired programs the set-top box / 
home gateway apparatus needs a conditional access module which usually 
employs SMART cards containing viewer information. The conditional 
access module or circuits 7A can be a plug in module or logic / circuitry 
based on programnrable and or configurable logic. This architecture allows 
different conditional access algorithms to be implemented, changed and 
upgraded either via the Internet or a broadcast channel. Of cburces, free to 
air services do not require the conditional access functions so using a plug-in 
module is easier for manufacturing purposes, though the conditional access 
circuitry can be implemented directly on the nrotherboard. This is desirable, 
as a user may wish to access nnore than one sateillite transponder which are 
operated by different service providers. Software, such as the DisEqC, is 
available to control several LNBs or dishes and allow a motorised dish to 
locate the desired satellite signal. 
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Any system configuration will require a control nieans to inltiaiise, control and 
monitor system perfonmance. This will be provided by the host processor and 

ft^nctoons will be ^ored in non-volatile program merrio^ 

FLASH Memory. Figure 8 shows a logical block diagram of a Host Processor 

and controller section 2H. which incorporates the display 7D and the re^te 

J^ftZ.^ ?"r ^'^ parameters, such as volume and tuning Is either by 
front panel controls or via a Hand-Held Remote Control unit 1R Instructions 
are transmrtted^ to the set-top box / home gateway apparatus 2 u~ng^n 
infrared or we ess link, These signals are received and decoded bvle ?R 
remote confrol receiver and decoder 7R. Chosen ^ramete^^^^^^^ 

c'^anS^""/ f^'^^f T ^'^P'^y Reception bf^gnals^r 

changes to front panel settings causes an interrupt to the Host Processor 7H 

Intern oS^?°' I" services the interrupt and updates the corresponding 
l^l^y^V^ T addressing the relevant function and writing the 
jt ln^^^* appropnate control registers. In the case of tiie display 

'SS^STbl^^^^r^ 

^Hir!!ff "^"^S" ^ u*^." ^'^ be used for selecting interactive features and 
sending infom^ation back to the service and or network provider via the 

^^^^""^^ apparatus 2. A so^lled web camera or web 
cam 3WC can be connected to the set-top box / home gateway apparatus 2 
Again, the connection can be either wired or wireless. This facility rise 
to the concept of the virtual contestant. Video data sourced b^me^vi^^cym 
tr^Hl"''*®'' ^",^.^?"''^'"^^ ^^""^ '° the network or serviL proTder^S 
^LZ^h"^^"^ ' '^^^ ^-*^^o <iatB can then be preceded b^ me 
T^^^H i f "^'f P.^°^'d«r for distribution as part of a program allowk^g 

rlmi?«nH''f ^'^^ d^^^- »° limited^bandJdS^ of 

ntemet and return channels the video data would need to be compressed 
Vanous algorithms exist to perfom. ttie compression and new ones^re 
o?o^r^:l,N'"^ "^^^^^ and MPEG4 are the most popu^ The 

programmable and or reconfigurable logic / circuitry can configured to 
implement Oiese algorithms to provide Oils service. Th^ configSn wouS 
be implemented by the host processor 7H. Any new appSoT or 
reconfiguration data can be downloaded from the imemet L S Tocai^ 
in memory 7P or hard disk drive 4HD. ^ 

to ch^n"!? 'thT^T^'"^? interactive facilities allow a user 

to change the colour of received video or graphics to a colour of their choice 

?e u^tf ociitn 1' d'^P'-y-^ text. Another feature alS 

Uie user to position different video and graphics at different points on the 

utfa'nd ortet^^^^ 5 "^"^ ^^^•'«'>'« ^ ^"^^ he 
w ? ^ l®"^"^ P'°^"*^' fo the afTXJunt of detail within a program 
to be displayed. For example, greater resolution features, textured 
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information. teletext information, mapped graphics which enhance an innage. 
These extra details could be available with extra subscnptions. Likewise, 
some programs may have contents which a user doesn't wish their children to 
watch. By determining the level of content the user can hide certain areas or 
parts of images or audio. This latter audio function would allow bad language 
and swear words to be either removed or replaced by appropriate language. 
Once programmed, the apparatus 2 will then perfonn real-time audio editing. 

There are several interactive standards being developed, such as DVB-MHP. 
The programmable circuits within the apparatus vwil allow these additional 
features to be implemented as they are introduced. Thus increasing the life 
cycle of the apparatus 2. 

The remote control 1R can also be used to type in text infonmatlon for 
transmission via the modem 3M as emails. The set-top box / home gateway 
2 can also be configured to receive Internet data, such as emails. These can 
be stored and viewed on the display means 1T or 1R or 1C, The apparatus 2 
can also be used to view other services vwhich are provided by the service 
provider and licensed by the service provider. One such example vw)uld be 
home banking. 

The various programs to implement the different algorithms and configure the 
logic blocks are stored in host program memory 7P. This has the advantage 
that the processor 7H can allocate the different sub programs to different 
logic blocks depending on the number and type used in the set-top box / 
-hoiTie gateviraiy apparatus 2. The host processor 7H will at start-up or 
initialisation "inten-ogate" the various logic blocks to discovery what type and 
how many logic blocks are available in the system so it can determine how to 
efficiently configure the system to perform the selected, signal processing 
algorithms and or protocols. Also, certain card modules or niezzanine 
modules wlH incorporate Plug'n'Play means, which allows card modules to 
inWanse and or assiist in TOn^^^^ 

Locaimemory 7L is used by the host processor 7H for storing parameters 
and variable used in processing. The address decoder circuitry 7A is used to 
decode addresses placed on the host bus 2HB by the host processor 7H and 
generate chip select signals for the various logic blocks in the apparatus 2. 

The address decode circuitry 7A is shown in figure 8 as a local block, but the 
address decoding could be perfonned elsev^ere in the apparatus 2. For 
example, each section could employ its own address decoding (not shown). 
To allow a Personal Computer (PC) to be connected to the apparatus 2 a 
UART / RS232 interface 7U is provided (Maxim MAX202) for example. This 
could be used to control the apparatus 2, or perfonn diagnostic testing, or 
download new application routines or algorithms to the host program menwry 
7P via the host processor 7H for example. Though an RS232 interface is 



shown in figure 7 other interfaces could be used, such as a Universal Serial 
Bus (USB) Interface or a Firewire interface. 

Though the apparatus 2 allows "video data" (video data can also include 
audio and alpha-nunieric data) ^ to various formats from 

peripheral devices. isuph as a Digital Versatile p player or transport 1V pr 
a yCR 1VR for exarnpLe. the set-tpp box / home ggteway gppa^^^^^ also 
has the faciljtjes to store, retrieve and processes 
.internally on a hard disk drive 4HP. non-volatile memoiy 4fW,^ volatile 4VM 
; and removable memory cards 4RM! The hard disk drive 4RM can take the 
form of a magnetic disk drive or an optical disk drive, such as a compact disc 
or Digital Versatile Disc (DVD). These can also be read / write-able allowing 
stored or edited "video data" to be stored on the magnetic and or optical disk 
media. Figure 5 shows a bjock diagram of the data storage section 2M and 
how access to the various memory blocks is achieved. Access to the data 
storage section 2M is via two ports, namely the digital signal processing 
stage 2S and the host processor and controller section 2H. Therefore, the 
memoiy in the data storage section 2M is considered dual port and 
arbitration logic 4A is required to control access to the memory in the data 
storage section 2M. This will take a conventional fonri of having bus request 
and bus grant signals. Arbitration will however ensure no one block has more 
than its fair share of accesses to the memory by locking out the other 
processor. 

Hard disk drives 4HD have limited capacity and new drives with greater 
capacity are constantly being introduced. To allow greater storage the "video 
data" will be compressed to reduce memory storage. The compression 
algorithms include MPEG2, MPEG4 and wavelet compression. Again, the 
programmable and or reconfigurable logic / circuits can be configured to 
implement new compression algorithms as they are introduced. The "video 
. data" will be written to the hard disk drive 4HD under the control of the host 
processor 7H or signal processing section 2S. The source of the "video data" 
can be from the peripheral device or more likely from a broadcast or the 
Internet via an internal modem means 3M. For example, the user would open 
an Internet connection using the apparatus 2 and modem 3M. The selected 
video data would be downloaded from the Internet and stored on the hard 
disc drive 4HD or non-volatile memory 4NV or volatile menxtfy 4VM or 
rerTX)vable memory card 4RM. This data would be passed to the data storage 
section 2M via the host bus 2HB. The host processor 7H having to arbitrate 
(bus arbitration logic 4A) to access the memory. To isolate the non accessing 
processor from data being either stored or retrieved from internal memory by 
the accessing processor, bi-directionaltri-state buffer 4B are employed. This 
latter arrangement allows both the host processor 7H and the digital signal 
processing stage 2S to operate in parallel and both gain access to the data 
storage section 2M. 
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In another embodiment, the apparatus 2 has mechanical and electronic 
interface means to allow the user to insert removable and interchangeable 
hard disk drives 4HD and or optical drives 4HD and or memory cards 4RM 
Into the apparatus 2. The optical drives can be read or read-writeable. These 
removable memory means may contain previously stored "video data" which 
can then be read, processed and output by the apparatus 2. Or new "video 
data" can be stored onto the removable memoiy means 4HD or 4RM by the 
apparatus 2. Having interchangeable hard disk drives 4HD allows the user to 
upgrade the apparatus 2 easily and cheaply. The host processor 7H will 
detect the changes and configure the apparatus 2 accordingly. The set-top 
box / home gateway apparafejs 2 can be programmed to record data from 

i various sources, such as a satellite broadcast, terrestrial broadcast or 
Internet broadcast, at a predefiniBd time allowing the user to retrieve and view 
the stored data at a later date/TTie d^ recorded is stored on the hard 

'disk drive 4HP pr noni-voiple niemory 4Ny. the video data can also be 
recorded to memory means 4HD and or 4RM in real time. 

Asiithe inteifac circuits are pptipnally prpgra^^ 

'and cap M /econflgyrMjQ i^ stahciards! protocols aM^^ 

^foirni^ts; jT^ and or circuitry usually implemented"^ 

(conyen^^^^^ tfie set-tog tox^/ home igateway 2. 
iFprejcample, s 

pyD piaye^^^^ 

;pf the . M^^^ 2 standard as do MP3 players, this is an inefficient arid 

\^i^i^,.use^d; Mes^ unit t>at: has mW 

irtn^M.^M..lMi&.JiSRlai^£..m 
^§lstem functions 

v§Mito PMflgwristioni^^^.^^ 

l,giLo^des^ Jll^re^^^^^ 

(convention^ arid versatile! ! 

Once the user has selected the "video data " source the video apparatus 2 
needs to process the "video data" and output the data streams to the selected 
peripherals. The processing required depends on the format of the source 
data and the settings of the controls. The data could be encrypted, need 
filtering and refomiatting. Signal processing will need, to be applied to 
implement the various decompression algorithms. In some cases analogue 
signats to need be processed. Associated audio data will also need 
processing and can also take one of several fomiats. Providing standard 
logic circuitry to process the various formats would be expensive and 
unwieldy. Employing programmable logic, such as FPGAs and digital signal 
processors would allow the same hardware to be re-configured, to implement 
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and process the selected data format and protocols. This is also true for the 
input and or output interfaces. Another advantage of employing 
programmable logic devices means that upgrades are easily implemented 
and the apparatus can be configured to use new data fomials or Interfaces 
This concept of reconfigurable or programmable systems means the set-top 
box / home gateway apparatus 2 is more "future proof and shouldn't 
t>ecome obsolete as quickly. 

As mentioned previously, the programmable logic Is not just cbnfimied to 
standard products. The use of Application Specific Integrated Circuits 
(ASICs) and System On a Chip (SOC) technology allows the integration of 
both programmable logic, standard cell logic, processing cores, such as RISC 
cores, and analogue functions. The programmable logic / re-configui-able 
circuitry employed in the set-top box / home gateway apparatus 2 can also 
be based on this type of device technology as it can reduce device count and 
system costs. Figure 2 shows a generic programmable and reconfigurable 
block containing among other things digital logic, analogue logic and 10 
Both the digital and analogue logic and circuits respectively can be 
progranrunable. 

Figure 7 shows a block diagram of the output stage section 20. This section 
fonnats the processed data from the digital signal processing stage 28 for 
transmission to the selected peripheral devices. Many of the components in 
the output stage 20 will need to be initialised and configured to implement 
the desired interface protocol, these components, such as the wireless link 
module 6W. the digital output interfaces 6D. are configured by the host 
processor 7H via the host bus 2HB. Processed digital data from the digital 
signal processing stage 28 can be output in analogue format, digital fomiat or 
transmitted in a wireless fomnat. The digital output interfaces 6D receive 
digital data from the digital signal processing stage 28 and format the 
received data into an appropriate format for transmission to the selected 
equipment. Depending on the interface and protocol, the format of the digital 
means that several digital channels can be multiplexed on the one channel 
Alternatively, a digital output interface 6D can be provided for each channel. ' 

Though a single bus 2HB is shown, this is just an example of the 
interconnection method. Someone experienced in the art will realise that 
more than one interconnection bus can be employed where speed and 
parallel activity is required. 

Many legacy peripherals, such as a VCR 1VR or display employing a SCART 
connector IT will have analogue inputs. Therefore, signals output from the 
set-top box / home gateway apparatus 2 will need to be converted into an 
analogue forni. Consequently, digital signals output from the digital signal 
processing stage 28 are input to digital to analogue converters 6G. such as 
an Analog Device AD1857. 
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The output of each digital to analoigue converter 6G is then low pass filtered 
to "smooth" the signal and then amplified, buffered and impedance matched 
using circuitry 6F. The digital to analogue converter 6G and the filter and 
amplifier circuitry 6F can be combined to form an analogue output module 
6A0. Different analogue output modules are available. Section 6A01 is a 
UHF output module which takes a video and audio data and modulates it so 
resultant signal can be applied direcUy to a conventional television set 
Section 6A02 provides RGB video signals together with associated audio 
signals for connection via a SCART connector, for example. Section 6D1 is 
an audio output module for use vyith multi-channel audio processor, such as 
Dolby Prolcgic® or Sunxiund Sound(g> systems or THX® or Digital Theatre 
Systems®. The audio ou^ut Section could also be an analogue output 
module (not shown) for connection to conventional hi-fidelity amplifiers. 

Though a separate audio system 1M can be used, set-top box / home 
gateway apparatus 2 can be combined with audio circuitry 1M on the same 
PCB board or unit or a plug-in module. The circuitry required to implement 
the audio processing can also be programmable allovwng new and different 
audio standards to be implemented. 

In some applications, the communication between the set-top box / home 
gateway apparatus 2 and other equipment, such as a headset 1H or power 
amplifier 1P. will be by wireless means. This allows such equipment to be 
positioned in a remote location. It also means equipment in other locations In 
a home can utilise the facilities provided by the set-top box / home gateway 
apparatus 2 negating the need for rnpre than one set-top box / home 
gateway apparatus 2. 

Accordingly, digital data output from the digital signal processing stage 2S is 
input to the wireless link Section 6W v^e it is processed and fonnatted for 
transmission to the selected equipnr)ent. The wireless protocol s used can be 
DECT or Biuetooth or HomeRF "for ebraiiripTer biff iare hot tlT^ lu Uiese 
wireless protocols. As wireless protocols, such as Bluetooth and HomeRF 
can multiplex many data channels (up to eight for Bluetooth) then the 
functionality provided by the wireless Section 6W could be provided by the 
. other wireless Section named In the apparatus. Therefore, wireless blocks 
3VVM, 7W and 6W can effectively be the same wireless Section and are 
shown as different functional blocks in the corresponding diagrams to assist 
in the explanation of the function of the individual sub-blocks. 

In yet another embodiment, the apparatus can be enhanced and upgraded 
through the use of interchangeable niezzanine cards. These facilities provide 
additional flexibility and allows manufacturers to add extra capabilities. These 
mezzanine or card modules can be plugged directly into the motherboard. 
Altematively, they can connect to the motherboard via a backplane PCB. 
Users will then be able to "construct" a set-top box / home gateway 
apparatus and use existing card modules to build new configurations. As the 
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card modules and or mezzanine cards can optionally incorporate 
programmable interfaces, a user will be able to easily add new functions and 
upgrades to the systenri by simply replacing, memory devices, mezzanine 
cards or individual card rhodules. Any backplane used can transfer data of 
different format by encapsulation techniques. The backplane is based on 
high-speed differential serial connections (up to 600 Mega-bits per second) 
This facility provides adequate means for future system perfonnance. Of 
course, new. higher speed interface could easily be added to a card module 
to incorporate future high-speed inter-card module communications. 

In another embodinFient, the software and or firmware definable logic blocks 
can be Implemented on daughter cards or mezzanine cards, which can be 
inserted into the main motherboard. This allows the user to easily expand the 
set-top box / home gateway capabilities. For example, the user might have 
purchased the basic set-top box / home gateway apparatus 2 initially for use 
as a satellite decoder, but would now like to access different transponders or 
access cable television. 

Or he/she may have an analogue decoder and want to swap to a digital 
decoder. By adding extra functions or swapping plug-in cards to the main 
motherboard, the video apparatus 2 can be expanded to cater for these new 
configurations. Other daughter cards or mezzanine cards could include input 
interface cards, demodulation cards or output interface cards allowing more 
output channels to be acconwTiodated. 

In yet a further embodiment, the software and or fimiware definable logic 
blocks can be implemented in renwvable cards, such as a PC TYPE 1/2/3 
card. These cards can have programmable functions or fixed functions, such 
as a modem or WorldSpace satellite radio receiver. To reduce the complexity 
and duplication of circuitry employed in peripheral equipment some of the 
processing of the received data can be perfomied by the logic in the set-top 
box / home gateway . For example, in conventional Hi-Fi or home 
entertainment systems separate equipment units employ the same functional 
blocks to perfonn certain signal processing. Set Top Boxes (STBs) Digital 
Versatile Disc (DVD) players and Digital Audio Broadcast (DAB) receivers 
each use MPEG 2 audio decoders. The set-tOp box / gateway apparatus 2 
can be configured to implement MPEG 2 audio decoding. Therefore DVD 
players 1V and WorldSpace receivers, for example, can be manufactured 
wittiout this circuitry. Consequentiy. data streams output from these simpler 
units can be input to the set-top box / home gateway apparatus 2 which 
would be able to implement and perform these common functions e g. MPEG 
2 audio decoding. This has the advantage of reducing the cost and 
complexity of the DVD players and WorldSpace receiver units. In the case of 
the reduce functionality DAB receiver, the unit only needs to perfonn the RF 
demodulation, filtering and decoding to extract the data streams from the 
DAB modulated signal. Another example of reduced functionality peripherals 
would be a Digital Versatile Disc (DVD) transport IV in which the apparatus 
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implements the electro-mechanics of spinning and controlling the disc, disc 
loading and ejection, controlling the read / write head and providing an 
Interface for read / write data streams. The read data stream can then be 
processed by the software / firmware definable logic circuitry. Likewise, 
processed write data would be transferred from the apparatus 2 to the DVD 
transport 1 V for storing on the DVD media (not shown). The host processor 
7H configuring the definable logic and processing elements (software 
algorithms njh on various processors) so the set-top box / home gateway 
apparatus 2 is conrectiy configured to implennent the processing circuitry / 
functions for the desired system configuration. 

In another preferred embodiment, the set-top box / gateway apparatus 2 can 
l>e configured to be used by one or more users simultaneously. With 
sufficient processing power (perhaps through the addition of extra plug-in 
cards) the apparatus 2 can process signal data from rTX)re than one source 
and transntit it to several separate peripheral devices. This would alleviate 
the need to purchase more equipment For example, one user could watch a 
satellite broadcast while the other watches a DVD whose data is transmitted 
by wireless means to a remote display 1C in another location in the honr^. In 
another example, the logic and circuits in the set-top box / home gatev/ay 2 
can be configured to aliow nnore than one broadcast channel to be decoded, 
processed and output. In another example, the set-top box / home gateway 
apparatus 2 could be connected to more than one satellite dish ID and or 
terrestrial aerial 1A to allow demodulation, decoding and simultaneous 
processing of received data from nx>re than one signal source. 

Figure 4 shows a logical block diagram of the digital signal processing stage 
2S. The digital signal processing stage 2S comprises one or more digital 
signal processors 5D, Associated with each digital signal processor 5D is the 
program memory 5M used to store signal processing programs, local memory 
5L used to store parameters used in algorithm / protocol calculations and 
prograirvnabte fogTc 5P which can be cb'nfTgijiretf in reattimeror non-reai time 
to implement various hardware functions required to for signal processing 
algorithms. To allow new software and configuration data, for the 
programmable logic 5P, to be updated the host processor 7H can gain 
access to the local memory 5L, the program rriemory 5M and the 
programmable logic 5P. To achieve this the host processor 7H must use the 
bus artDitration logic 5A, The host processor 7H will issue a bus request to the 
bus arbitration logic 5A. If access is allowed a bus grant signal will be sent 
back to the host processor 7H. Data is passed to the digital signal processing 
stage 2S using the host bus 2HB ! Figure 4 shows an example of the signal 
processor and programmable logic architecture. This is just an example of 
the architecture and interconnection method. The set-top box / gateway 
apparatus is not limited to this architecture and is shown as an example to 
help describe the functionality. Someone experienced in the art will realise 
that different architectures and interconnection schemes can be employed 
where speed and parallel activity is required. 
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teL S ilTlr °f '"'"^ '^9' 2^ '^P^« ^3*^ fro"! both the input 
toge 21 and the data storage section 2M. Data from the data storage seSlon 
M IS transferred on bus 2DB. Depending on the configuratior^Te uir c^n 

TeTese'lirh '''' '"P"^ 2l'ln trahsfer^tn Ss 
IB. These two buses are connected to a demultiplexer 5S whos^* n.rfn.rf 

fferen'l^ t'"' P^^^'"^ bursts^nd t 

ifferent clock rates. This arrangement improves system operation and 
artrt omng by allowing the different sub-blocks to operate at thetr ov^ rates 
nd reduces complex sub-block communication. Processed dat^^n ?« 
ans^red to the output stage 20 directly via the^uLlexer 5T o^ 
d|rectly via the bi-directional FIFO buffer 5F then thro JgT^^e deS^^^^ 
^^^^^J^ ^"^^'y ^'^ demultiplexer 5T or^directl7v^^X N 
rechonal FIFO buffer 5F then through the demultiplexer S^^The use of Z 
FO 5F allows the separate sub-blocks to operate at their <^ raf J anrf 
so allov^ intercommunicadon between the digtol s^nalZ^r^l?. 

lough figure 1 shovy« a generic block diagram of the set-top box / home 
!n.^L ^ sub-module interconnection meth(Ss can 

^'^^^^ embodiment (not shown), d^^d ^ntrd 
^ul ITm^ to Processing and data sinks betwefnle 

nous sub-blocks and card modules is by data packets Th^ card 
er«mrmin.cat.ons are all digital using 'serial or diSre]J^^rsSa1 
^unic^ions links so as to reduce the number of signaHnd riuS 
nal noise between the sub-blocks and card modules Therefore 
alogue signals are first converted to corresponding dfaita siS us^ni 
oropnate digital to analogue signal conversL meanf fhe sete^^^^^^ 
:h conversion means ensuring the correct sampling and quaTSon 

intization and noise errors. The data packets preferably beinqo™re 

ch'^^^Jr? fomi of a pure cross bar switch in 

ch signal paths between the switch inputs and switch outputs a e 

™f 2\h: S^"^^ '^^^"^'"S on the^nCaL oT 
apparatus 2. The switching means 9SW can also be a self routina 

roortsTo'thi^''"? ^''^ P"^^^^ transferred from the sS 
It ports to the switch's output ports based on routing infomiation conte ned 
e header section of the data packet. As several inputs3d rS^?e da^ 
!i ^'"^ '"^^"^ P^'t. buffering is required I^SducS 

jestoon different priority queues could be used in the sl^tch^SW to allow 

'Lr"V:^:r' '^^^^'^""^ P"°"ty traffic. T^s ano^ e^ 

.^ f K l?^^ '^^"'""9 a better class of sen/ice to pass thro^h The 
h fabnc 9SW with a lower latency and hence reduce timing er°or^ Y^e 

'^"'"^ ^°^t processorTsystem Start! 

r If there is a new configuration update. »y'»«m sian 
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The advantages of using a switch 9SW to route data packets between 
different sub-blocks, card nxxlules and devices are that it reduces the 
complexity of the interconnection. Each card slot does not require 
connections to all other possible card slot locations. Control and data 
messages can be switched to the correct sub-block, card module and or 
device via the switching means. This niakes it easier to configure the system 
and allows the card nx>dules to be placed almost anywhere in the apparatus 
card slots as the host processor 7H card can interrogate each cards to 
detemnine it's function and initialise it and the system accordingly. Also, 
certain card noodules can incorporate Plug'n'Play means, which allows card 
modules to initialise and or assist in configuring themselves. Another 
preferable feature is for the card nxxlules to be *hot swappable'. This feature 
allows cards to be renroved or inserted into the apparatus 2 while the system 
is operational. 

In another embodiment, the logic and circuits in the set-top box / home 
gateway 2 can be configured to allow wore than one broadcast channel to 
be decoded, processed and output. For example, using Asynchronous 
Transfer Mode (ATM) broadband transmission over an ADSL nnodem 3M 
connection nunrierous channels can be received and decoded. The 
segmentation and reassembly (SAR) logic 9S can process many separiate 
data streams. The SAR 9S segments data streams into packets of the same 
length for transmission. Likewise, received packets are combined to retrieve 
the original data. For ATM system different segmentation and reassembly 
protocols exist. These are named AALO - AAL5 and different AALs are used 
for different types of traffic e.g. variable bit rate (VBR) and constant bit rate 
(CBR). To ensure quality of sen/ice various traffic nDanagement. policing and 
scheduling schemes are employed. These functions can be implemented by 
the SAR 98, the host processor 7H or the network processor 9N. The network 
processor 9N can also perform interworking functions. This allows different 
_.transnrrission protocols to be used or data to be encapsulated. Examples of a 
network proceWoriSNare^ 

Eiach ATM data packet contains a cell header and channel identifier. The 
same is true for IP traffic. This allows cells for each channel to be identified, 
processed and output to the desired destination interface. 

Video data transfer can be implemented using one of several protocols. 
However, for communications over a Plain Old Telephone (POTs) network 8T 
it is envisaged that the infomnation transfer will be MPEG (2 or 4) over ATM 
over ADSL for video and Internet access by IP over ATM over ADSL (if an 
ADSL nDodem 3M is employed). This type of configuration is outlined in figure 
10. This assunnes the set-top box / home gatev/ay 2 is connected to a Digital 
Subscriber Line Access Multiplexer (DSLAM) 8D in at the central office 8C, 
as shovi/n in figure 10. An ADSL modem 3M allows data rates of up to BMbits 
per second across conventional tv^sted pairs. Once a connection is 
established to either an Intemet Service Provider (ISP) 8G or a video sen^ice 
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provider (server farms providing Near Video On Demand (NVOD) for 
fn^^^l' ""k^ / ^ transferred in both real time and non real tirne to 

the set-top box / home gateway apparatus 2 in the home 8H. A set-top box/ 
home gateway 8S could be provided locally in the central office 8C For 

Aun pL ZJ?^^'^ ^'"^^ "^^^^ °" ^^^ ^"^'^ disk drive 

4HD. For non ADSL modems, such as a V.90 modem 3M. the set-top box / 

?«I^hnn!7pnT connected to the Internet 8A via the Plain Old 

Telephone (POTs) network 8T, 

iliSr!?f !°IIL^® apparatus 2 can have a mobile 

^hif^^" °' "2^"'^ connection to a mobile phone network. 

InLT^lt ^^"^ ^"^^^ °' module 8W communicates like a honnal mobile 
cfron ^l^K^^ '^J'°"n?'- connected to the base 

station switching centre 8J. These in turn are connected to the mobile 

Sorftx'^-f!^^ f which connect to the Plain Old Telephone (^T^ 
nehvoj 8T Though a GSM mobile network is shown in figure 10. the mobile 
networic can be any other mobile network standard such as aT^d 
generation (3G) mobile network. UMTS or broadband wireless (HiperlAN 2). 

inrTl^r?^' P^^^^ed/rnbodimem. the set-top box / home gateway 
r^n!l r ^ configured to implement the functions of a games 
console. Games programs stored on memory card. DVDs or CDs can be 
inserted into the corresponding interface or transport provided by the 
apparatus 2 or a peripheral. The remote control unit IR optionaHy havJ^g 
SnlTil? k'" games software and^ma^ate Se 

dSS2.t .r"- ^^^••d*"g'y- so">e cases, game software mky require • 
^^nl? '^"^'^ °^ ^'^'^ ^" implemented by the d^ital 

signal processor and or the reconfigurabte logic in the set-top box / hoir^ 
pnS;^! ' Alternatively, extra plug-in cards may be r^uireS^ 

enhance the perfomiance of the set-top box / home gateway 2 such 7s a 
graphics processor (not shown). However, a generic plug-in card containing 

The host processor 7 configuring the logic and circuits to implement the 
tS'ilS ZT"^ P^cessing. By selecting the game console ^nfi^ration 
d^^n^^''°'^" '^^^'^ '^"^'^^ to implement the 

?V'^^r">? ^""^ 0"<P"tting of the graphics data to the display 
^^tfl ofV' ?i Agam. the modular, programmable and reconfigurabte 
nature of the set-top box / home gateway 2 means that a separate games 
^^^L7' " '"^P^ovements in graphics standards S 

that whole new games consoles don't have to be purchased each time they 
are introduced, incremental upgrades are possibte. making the set-top box / 
honr)e gateway much more "user friendly". k"wa/ 

In another embodiment, the set-top box / home gateway apparatus 2 

SS^Jth^'i^'^H ^'"^"^ ^^^^^ rIceiver.Vhis'fedit in 

7A o r P^o^^or 7H and conditional access section or 

modute 7A allows the apparatus 2 to detemiine its location and configure the 
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apparatus 2 to automatically select and tune to any terrestrial channels (if v. \ 

terrestrial decoding is selected) or to various satellite transponders for Awhich I 

the subscriber is allowed to view. The apparatus 2 would have available , 
channel information for each region pre-programmed or the apparatus 2 I 
could download this infomnation from the Intemet via the interrial modem 3M. j ; 

The set-top box / home gateway 2 can take several forms (not shown). It 
could be implemented in single equipment box, one or more equipment boxes 
or on PCBs which are remove-ably insertable into a card frame. The niain 
PCBs having both mechanical and electroniclnterface oteans to accept plug^ 

in mezzanine cards. 

Although the invention has been described herein wrth reference to particular 

preferred embodiments, it is to be understood that these embodiments are [ 
illustrative of the aspects of the invention. As such, a person skilled in the art 

may make numerous modifications to the illustrative embodiments 
described herein. Such modifications and other arrangements which may be 
devised to implement the invention should not be deemed as departing from 
the spirit and scope of the invention as descrit)ed and claimed herein. 
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CLAIMS 

1. A set-top box / home gateway apparatus wherein some or all of the 
electronic circuitry is based on reconiigurable or programmable Integrated 
circuit devices enabling the apparatus to be reconfigured by host processor 
means to implement new functions, algorithms, specifications and 
standards. 

2. A set-top box / home gateway apparatus as claimed in Claim 1. Wherein 
the progranimable circuits of a reconfigurable or programmable integrated 
arcuit device can contain any confibination of programmable digital logic 
hardwired Ic^ic functions, programmable interconnect, analogue functions' 
programmable analogue drcuits. memory storage means, embedded 
processor core means, input - output pins and programmable input - output 
■Circuits. . 

3. A set-top box / home gateway apparatus as claimed in Claim 1 or Claim 2 
wherein the programmable circuits of a reconfigurable or programmable 
integrated circuit can be configured to implement the architectures of 
different microprocessors, digital signal processors or RISC processors or 
microcontrollers allowing the apparatus to be reconfigured to run different 
operating systems and software. 

4. A set-top box / home gateway apparatus as clalnned in Claim 1. v/herein 
^"S °^"!^^® functions or algorithms are sub-divided into sub-functions so 
parts of the function or algorittim are implemented in sofware run on a 
nrwcroprocessor or digital signal processors or RISC processor or 
microcontroller and other sub-functions are inplemented in programmable 

lOQIC. 

5^ A set-top box / home gateway apparatus as clainDed in Claim 1 wherein 
A a"«'^o'". fi"™^are to reconfigure the programmable logic is 

dovmloaded from the Internet via an integrated modem means. 

6. A set-top box / home gateway apparatus as daimed in Claim 1 wherein 
me software and or firmware to reconfigure the programmable logic is 
downloaded Irom a personal computer means via either cable or wireless 
means. 

Jk ^ ^"^^'^ ' gateway apparatus as daimed in Claim 1 v^rfierein 
the software and or fimiware to reconfigure ttie programmable logic is 
downloaded via a satellite, terrestrial or cable broadcast channel. 

8^ A set-top box / home gateway apparatus as claimed in Claim 1 wherein 
the software and or fimware to reconfigure the programmable logic is 
downloaded via interchangeable memory means or optical memory means 



9. A seMop box / home gateway apparatus as clalnned in any preceding 
claim, wherein the host processor means can determine the perfonriance and 
functional capabiliti^ of the available processor and programmable logic 
resources, the host processor then being able to allocate the available 
resources to implement functions required to implement the selected 
specifications and standard, the host processor then configuring the 
available processor(s) and programmable logic to implement these 
specifications and standards. 

10. A set-top box / home gateway apparatus as claimed in any preceding 
claim, wherein the programmable logic means can be reconfigured in real 
time to allow functional multiplexing or reuse of the programmable logic 
resources. 

11. A set4op box / home gateway apparatus as claimed in any preceding 
claim, wherein the apparatus can be interrogated by a remote host system to 
establish the configuration and performance of the apparatus, the remote 
host system can then transfer reconfiguration files for a selected 
specification or standard, the reconfiguration files being optimised of that 
particular apparatus. 

12. A set-top box / home gateway apparatus as claimed in any precedirig 
claim, which includes a network processor to perfbnm, control and process 
protocol transfers between the apparatus and a remote node. 

13. A set-top box / home gateway apparatus as claimed in any preceding 
claim, which Includes a host processor means arid associated program 
memory means for contrblling. monitoring and configuring logic and circuits 
to implement the functions required to receive, process and output a valid 
selected channel 

14. A set-top box / home gateway apparatus as claimed in any preceding 
-Claim which includes modem means, allowing Internet access so the user 
can download upgrade firmvrare or "software for 

processing algorithms and protocols and or configuring the programmable 
logic hardware and or signal processing algorithms allowing the 
programmable logic and processing elements in the apparatus to be 
reconfigured to implement the new algorithms and or hardware 
configurations, the new finrtware and software being stored in non-volatile 
memory optionally under the control of the host processor, the Internet 
access also allows the user to download broadcast infomnation. such as real- 
time video data, vA\\dh can then be processed and optionally stored by the 
apparatus before being output to other peripheral apparatus. 

15. A set-top box / home gateway apparatus as claimed in any preceding 
claim, wherein the programmable circuit blocks of an integrated circuit 
device can contain any combination of programmable digital logic, hardwired 
logic functions, programnreble interconnect. analogue functions, 
programmable analogue circuits, memory storage means, embedded 



processor core means, input - output pins and programmable input - output 
circuits. 



16. A set-top box / home gateway apparatus claimed in Claim 1, wherein the 
interactive facilities means allows the user to manipulate the style and 
presentation of the displayed video and graphics data. 

17. A set-top box / home gateway apparatus claimed in Claim 16, where in 
the received colour information can be nnapped to a different colour, and or 
font types can be interchanged, and or graphics and video sections can be 
repositioned to desired screen positions and or the displayed and audio 
content can be user or service provider selectable. 

18. A set-top box / home gateway apparatus as claimed in any preceding 
claim, which has one or a plurality of conditional access section or modules 
which can optionally be based on programmable and or software / fimiware 
definable logic allowing the apparatus to be configured to irnplement different 
decryption, authentication and descrambling algorithms. 

19. A set-top box / home gateway apparatus as claimed in any preceding 
claim, which can simultaneously receive, demodulate, process, optionally 
store and or output more than one broadcast channel from either the same 
transmission source and or separate transmission source means. 

20. _ A set-top box / home gateway apparatus as claimed in any preceding 
claim, which can receive, demodulate, process, optionally store and output 
received broadband triansmissipn broadcasts based on broadband mobile 
phone standards. 

21. A set-top box / home gateway apparatus as claimed in any preceding 
claim, which conrununicates with a renfiote control means either by vwred or 
vnreless means, the remote control nieans allowing text and command 
data to be transferred to the apparatus and optionally having display means 
to display received data. 

22. A set-top box / home gateway apparatus as claimed in any preceding 
claim, wherein the input signal to the apparatus from source means and or 
the output signals from the apparatus to signal sink means is by wireless 
communication means. 

23. A set-top box / home gateway as claimed in claim 22 in which the 
wireless protocol used to transfer data to and firom the apparatus is 
Bluetooth, HomeRF. WiFi. IEEE 802.11a. IEEE 802.11b. DECT. HiperLAN2 
HAVi or Wireless ATM. . h« 

24. A set-top box / home gateway apparatus as claimed in Claim 1, which 
includes mechanical and electronic interface means to accept a fixed or 
remove-ably insertable hard disk drive used to store and retrieve video and 
associated audio and data infonnation received by the apparatus. 



25. A seMop box / home gateway apparatus as claimed in Claim 24. 
wherein the received data is compressed before the data is written to the 
hard disk. 

26. A set-top box / home gateway apparatus as claimed in Claini 24, 
wherein the hard disk drive means is an optical disc means. 

27. A set-top box / home gateway apparatus as cliaimed in Claim 1. wherein 
semiconductor meniory means is employed to store and retrieve received 
information. 

28. A set-top box / home gateway apparatus as claimed in Claimi in which 
the apparatus can be configured for simultaneous use by more than one user 
where signal data from one or more signal sources can be processed and 
output to one or nx^re output circuits. 

29. A set-top box / home gateway apparatus as claimed in any preceding 
claim, which can be configured to decode, process and output game 
soflware, the output being displayed on display means; the remote control 
means having Input control means to allow interaction with the apparatus to 
control the processing of the games soflware. 

30. A set-top box / home gateway apparatus as claimed in Claim 1 . wherein 
interface means is provided to allow connection of a web camera so video 
and associated audio data can be transmitted via modem means tp the 
service and or networic provider for use in their broadcasts. 

31 . A set-top box / home gateway apparatus as claimed in Claim 1 , wherein 
one of the interchangeable modules provides receiver and denxxlulation 
means to receive satellite radio transmissions, such as WoridSpace®. 

_32. _ A set-top box / home gateway as claimed in Claim 1 which has the 
facilities to allow renx)vabje rnemory n>eans, such as ia" PC TYPE t T2 t^ 
card or memory stick® to be inserted Into the apparatus and removed from 
the apparatus, previously stored data l)eing read from the renrx^vable memory 
means and processed by the apparatus before being output, alternatively 
processed data and or digitised signals, fomiatted in the selected format, can 
be stored in non-volatile memory in the removable menxxy card allowing the 
user to play the recorded data on another apparatus which has the facilities 
to access the data stored on the renrK)vable memory card means. 

33. A set-top box / home gatevy^y as claimed in any preceding claim, 
wherein digital switching means are employed to route and transfer data 
from different sub-blocks, card rrxjdules and or devices in the apparatus. 

34. A set4op box / home gateway as claimed in Claim 33, wherein the digital 
switching means takes the fonm of a. cross bar switch or a self-routing 



switch in which data packets or cells have an appended routing tag to control 
the flow of the packet or cell through the self-routing switch to its destination; 

35. A set-top box / home gateway as claimed in Claim 33, wherein the digital 
switching means uses priority output queues to allow data witti different 
priorities to be queued in separate queues to reduce cong^tiori and head of 
line blocking. 

36. A set-top box / home gateway as claimed in Claim 33. wherein digital 
data for transfer via switching mfeans is encapsulated as a variable lenqth 
data packet or same length cell. 

^ set-top box / home gateway apparatus as claimed in any preceding 
claim, wherein nriore than one remote control means is provided. 

38. A set-top box / home gateway as claimed in any preceding daim. 
wherein an extemal modem means is employed to access the Internet. 

39. A set-top box / home gateway as claimed in any preceding daim which 
incorporates Analogue to Digital converter (ADC) means to allow analogue 
input signals to be first converted to digital signals so they can be processed 
in the digital domain, the sampling frequency of the Analogue to Digital 
Converter(s) (ADCs) being sufficient to accurately represent the signal in the 
digital domain. . 

39. A set-top box / home gateway as daimed in Claim 1 , whidi incorporates 
interface means to accept additional card modules and or interchangeable 
mezzanine cards. 

40. A set-top box / home gateway as daimed in Claim 39, vy^erein the 
interchangeable mezzanine card and or card module interface means are 
based on programmable logic, for example Field Programmable Logic Arrays 
(FPGAs) so upgrades can be easily implemented by changing the interface 
devices of the associated card module and or mezzanine card. 

41. A set-top box / home gateway as daimed in Claim 39 wherein the 
mezzanine cards and or card modules incorporate 'Plug and Play* means to 
allow a mezzanine card and or card nxxlule to configure and initialise itself 
and interact with the host processor means to indicate the configuration 
status and functionality of the card module and assodated mezzanine card 
nxxjules. 

42. A set-top box / home gateway as daimed in Claim 40 or Claim 41 
wherein the mezzanine cards and or card modules incorporate the means to 
be hot swappable allowing card module insertion or removal from the 
apparatus whWe the apparatus is operational. 

43. A set-top box / home gateway as claimed in any preceding daim in which 
a personal computer (PC) can be conneded to. allow control of the 



apparatus, reconfigure the apparatus, diagnose the apparatus and or 
download or upload data, which can be processed or stored in internal 
niemory fomn future use. 

44. A set-top box / home gateway as claint«d in Claim 1 in which the input 
circuitry and or output circuitry is based on programmable logic devices, such 
as Field Programmable Gate Arrays (FPGAs). allowing the interfaces to be 
re-configured to implement the desired interface protocol or format. 

45. A set-top box / home gateway as claimed in any preceding claim in which 
the remote control means can be used to control, the peripheral signal source 
apparatus. 

46. A set-top box / honr^e gateway as claimed in any preceding claim, in 
which the apparatus can have some of the programmable circuitry 
configured to implement functions and or algorithnre normally performed in 
"conventional" peripheral equipnnent allowing new peripheral equipment 
v/hich operates with the said set-top box / home gatev*«y apparatus to have 
reduced functionality. 

47. A. set-top box / home gateway as claimed in any preceding claim in which 
the apparatus can be programmed to record received data using "non- 
volatile" memory means at a predefined time so it can be retrieved, 
processed and output at a later time: 

48. A set-top box / home gateway as claimed in any preceding claim where 
peripheral units are situated remotely from the set-top box / home gateway 
apparatus in virtiich control and data messages are transfen-ed by wireless 
means allowing movenr>ent of the said remote peripheral units to different 
locations within the user's house without the need to re-wire the apparatus. 

49. A set-top box / honr)e gatev^«y as claimed in any preceding claim which 
incorporates an integrated read and optionally v«-ite-able Digital Versatile 
Disc (DVD) transport and asiso^^atetf cbhWd^ To altov/ stored digitised 
audio data to be read and or written to a Digital Versatile Disc (DVD) media; 

50. A set-top box / home gateway apparatus as claimed in any preceding 
claim, which allows the transmission and reception of electronic mail. 

51. A set-top box / home gateway apparatus as claimed in any preceding 
claim, which allows the transmission and reception of voice data via an 
Intenvet connection using the internal modern means. 

52. A set-top box / honr>e gateway apparatus as clainDed in Claim 1, which 
incorporate a Global Positioning System (GPS) receiver means which is used 
in conjunction with the host processor to detemnine its global location and 
then select, tune to and program the various available broadcast channels 
from a range of satellite transponders and or ten-estrial broadcast channels 
and or via a cable modem means. . 



53. A set-top box I home gateway apparatus as claimed in any preceding 
claim, which is implemented in a single equipment box means or enclosure 
noeans. 

54. A set-top box / home gateway apparatus as dainoeid in any preceding 
claim, which is implemented in a more than one equipment box means or 
enclosure means. 

55. A set-top box / home gateway apparatus as claimed in any preceding 
claim, which is implemented in a card frame means with insertably 
removable printed circuit board means. 

56. A set-top box / home gateway apparatus substantially as described 
herein with reference to Figures 1-10 of the accompanying drawings. 




\ Office I 



Applicatioii No: 
Gaims searched: 



GB 0125965.4 
1-3 & 15 . 



Examiner: 
Date of search: 



INVESTOR IN PEOPLE 



John Cullen 
7 July 2002 



Patents Act 1977 

Search Report under Section 17 

Databases searched: 



UK Patent Office collections, including GB. EP. WO & US patent specifications, in: 
UKCl (Ed.T): H4P(PPA) 

IntCl(Ed.7): G06F 9/445; H04L 12/28. 12/66; H04N 5/00, 5/445 
Other: Online: WPI. EPODOC, JAPIO 



Documents considered to be relevant: 



Categoiy 



Identity of document and relevant passage 



Relevant 
to claims 



X.P 
X.P 

X.P 

X 
X 

X 

X 



GB 2361849 A 
WO 02/06979 A2 

WO 02/05560 A2 

WO 99/35753 
EP 0726675 Al 

US 6199137 Bl 

US 5973684 



{GRAEME ROY SMITH) See whole document, but 
particularly Abstract, Figs. 2 and 3, and lines 13- 
26ofp4. 

(NDS) See whole document, but particularly Figs, 
1-3 hne 23 of pl8 to Ime 4 of pl9 and lines 27-30 
ofpl9. 

(GENERAL INSTRUMENT) See Figs. 2 and 4, 
and lines 3-10 of p9. 

(SONY) See Abstract and Figs. 3. 6, 17A and 17B. 

(ITALTEL) See whole document, but particularly 
Abstract and lines 5-16 of col. 1. 

(LUCENT) See whole document, but particularly 
hnes 39-5 1 of col. 2 and line 4 of col. 4. 

(BELL ATLANTIC) See whole document, but in 
particular lines 14-28 of col. 4. 



1-2. 15 

1-3. 15 

1-3. 15 
1-2. 15 
1-2, 15 

1-3. 15 

1-3. 15 



X 
Y 



Documeni indicaling lack of novelty ormventive jtep 
Document indicating lack of inventive itep if combined 
with one or more other documents of same category. 

Member of the sanw patent family 



Document indicating technological background and/or state of the an. 
Document published on or aitei the declared priority dale but before the 
filing date of this invention. 

Paleot document published on or after, but with priori^ date earlier 
than, the filing dale of this application. 



An Executive Agency of iheDepanmentofTradc and Industry 




lucent 
% Office i 




INVESTOR IN PEOFif 



Application No: 
Claims searched: 



GB 0125965:4 
1-3 & 15 . 



Examiner: 
Date of search: 



John CuUen 
7 July 2002 



Category 


Identity of document and relevant passage 


Relevant 
to claims 


X 


US 591639 


(POWERTV) See whole docximent, but particularly 
Fig. 4 and line 6-14 of coL 1 . 


1-3. 15 


X 


UiS 5930515 


(SCIEhfTlHC.ATLANTA) See whole document: 
Note references to 'video' and 'satellite receivers'. 


1-3, 15 


X 


US 566293 


(BELL ATLANTIC) See Abstract. Fig. 1 and Fig. 

7. • . • • 


1-3, 15 



Documcni indicating Uck of novelty or inventive siqi 
Document indicating lack of inventive step if combined 
with oae or more other documeats of same category. 

Member of the same patent fnnily 



Documeni indicating technological background aad/or state of the an. 
Document published on or after the declared piioriiy date but before the 
filing date of this inveati on. 

Patent document published on or after, but with priority date eariier 
than, the filing date of this appKcation. 



An Executive Agency of the Department of Trade and Industry 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
^^^ADED TEXT OR DRAWING 
^j^^LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



